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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a stable and 
exact controlling method and 

device of a TOC component removal by controlling by 
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feeding back the generating 

amount of a hydroxyl radical depending on a TOC 
value of treated water after 
treatment with the hydroxyl radical. 

SOLUTION: In this device, the TOC value of 
treated water after treatment 
with a hydroxyl radical is monitored, the 
generating amount of the hydroxyl 

radical is controlled by feeding back so that the 
TOC value becomes 0.5-2.5 

mg/L and so that the TOC value of the final treated 
water becomes ≤0.3 mg/L 

by an ion removal at a post stage. A combination 
of ozone and hydrogen 

peroxide, a combination of the ozone and alkali and 
a combination of the ozone 

and an UV ray are used preferably as a hydroxyl 
radical generating mechanism. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the control method of the TOC 
component removal for manufacture of the water which does not contain a TOC component substantially, for example, 
the pure water used for the washing production process of electronic industry, and ultrapure water, or recovery, and 
equipment about the control method of TOC component removal, and equipment. 
[0002] 

[Description of the Prior Art] A hydroxyl radical with strong oxidizing power also generates each oxidation means 
independent twists of these by combining suitably ozone, a hydrogen peroxide, ultraviolet rays, various oxidation 
catalysts, etc. Since these oxidation means do not generate anythings other than an oxygen element and a hydrogen 
element, fear of secondary pollution is low and the salt load in latter processing also becomes low. Combination with 
the various, suitable oxidation means of the above [ feature / such ], and combination of ozone and alkali (with an 
oxidizer, although there is nothing, alkali) Generate a hydroxyl radical and oxidative degradation of the TOC 
component in TOC component content water (henceforth "raw water" by the way) is carried out by this, this 
combination - a hydroxyl radical ~ generating - Performing TOC component removal from raw water for recovery of 
the pure water after using it for manufacture lists, such as pure water and ultrapure water, and ultrapure water is 
performed widely. 

[0003] Thus, with the various combination of the various above-mentioned oxidation means, or the combination of 
ozone and alkali, although a hydroxyl radical occurs in common, such combination has the feature mutually different, 
respectively. For example, although it is usage with a classic combination of a hydrogen peroxide and ultraviolet rays 
(UV), since the reaction rate is slow, usually the reaction time of several hours or more is required. Although a reaction 
rate becomes quite quick since the combination of ozone and ultraviolet rays (UV) has very high UV absorption 
coefficient by ozone, both an initial cost and a running cost (the exchange costs of a power rate and an ultraviolet ray 
lamp are included) will increase for a black light. Although the combination of ozone and alkali has a quick reaction 
rate and is low, [ of a running cost ] In order to react by the alkali side, when a high-concentration TOC component 
exists, the reaction inhibition by radical scavengers, such as carbonate ion (C032-) and bicarbonate (HC03-), is 
received (in an alkali side). Since the amount of generation of a carbon dioxide also increases when the carbon dioxide 
which is one of the decomposition products of a TOC component exists as carbonate ion or bicarbonate and a high- 
concentration TOC component exists. On the other hand, although it falls, the combination of ozone and a hydrogen 
peroxide has little effect from a radical scavenger, and since it is economically advantageous, as for a little reaction 
rate, it has comparatively large use selection width of face. In addition, the carbonate ion of the operation as a radical 
scavenger is larger than the bicarbonate. 

[0004] Moreover, in order to generate an organic acid as an intermediate product also in which the above-mentioned 
hydroxyl radical developmental mechanics, There is nothing in carrying out oxidative degradation even to a carbon 
dioxide and water completely still more substantially by this hydroxyl radical developmental mechanics, and removing 
a TOC component completely substantially. As an economical art It may leave a part not to be decomposed even into a 
carbon dioxide and water in the generated organic acid, and may remove using the deionizer device [for example, ion 
strippers, such as an ion exchange unit and reverse osmotic membrane (RO) equipment,] which prepared this organic- 
acid remainder in the latter part. 
[0005] 

[Problem(s) to be Solved by the Invention] Since control of a hydroxyl radical yield is not performed in almost all the 
cases of such TOC component removal, equipment is operated on a safety side. Therefore, a hydroxyl radical always 
serves as an excessive amount. Moreover, in some cases, feedforward control by the TOC value (TOC concentration) 



of jaw water is performed, but since a TOC value and the relation of a hydroxyl radical initial complement change by 
the source of TOC in the raw water which is a decomposition removal object (class of organic substance as a TOC 
component), they lack in accuracy in such feedforward control by the TOC value of raw water. Since the TOC value of 
the treated water which is not avoided, cannot secure stable control easily since the activated carbon of the activated 
carbon contactor for oxidizer decomposition formed before the ion stripper adsorbs in a TOC component or it is 
emitted, and is obtained from an ion stripper is very low, that time lag will become long on the other hand with the 
TOC value of the treated water obtained from the ion stripper if feedback control of the hydroxyl radical yield is carriec 
out cannot secure sufficient control width of face easily. 

[0006] This invention cancels the above defects of the conventional technology, and in removing a TOC component 
and manufacturing pure water by a hydroxyl radical's decomposing a TOC component content underwater TOC 
component to an organic acid at least, and processing the organic acid in the treated water obtained according to a 
deionizer device further, it uses as an offer plug the control method of TOC component removal and the equipment 
which enable control of stability and an exact hydroxyl radical yield. 
[0007] 

[Means for Solving the Problem] This invention is completed based on a result of the following experiments which A 
solve the above technical problems and which went to accumulate. Namely, this invention decomposes a TOC J 
component content underwater TOC component to an organic acid at least by hydroxyl radical. In removing a TOC 
component and manufacturing pure water by processing an organic acid in treated water obtained with a deionizer . 
means further A TOC value of treated water processed by hydroxyl radical is supervised. An yield of a hydroxyl radica/ 
is automatically controlled so that the TOC value may serve as 0.5 - 2.5 mg/L. A control method of TOC component 
removal characterized by making into 0.3 or less mg/L a final -treatment underwater TOC value processed by said 
deionizer means, A hydroxy radical generator for a hydroxyl radical to decompose a TOC component content 
underwater TOC component into a list to an organic acid at least, An ion stripper for removing an organic acid as a 
TOC component in treated water from said hydroxy radical generator, A TOC value of treated water from said 
hydroxyl radical generator is supervised. An yield of a hydroxyl radical is automatically controlled so that the TOC 1 
value may serve as 0.5 - 2.5 mg/L. Equipment of TOC component removal characterized by including a feedback A 
control device for making a final -treatment underwater TOC value from said ion stripper into 0.3 or less mg/L is y 
offered. 

[0008] When having made preferably into 0.2 or less mg/L 0.3 or less mg/L of TOC values of treated water obtained 
from an ion stripper as mentioned above according to the result of an experiment which this invention person 
conducted and ultrapure water was manufactured from treated water from the above-mentioned ion stripper, it turned 
out that a TOC value can be made into 0.02 more or less mg/L by UV (ultraviolet rays) oxidation in latter ultrapure 
water equipments, RO processing (reverse osmotic membrane processing), etc. 

[0009] Generally, although a decomposition path (a series of reactions) of a TOC component by hydroxyl radical 
changes with classes of quality of a decomposition object, almost all the organic substance changes to a carbon dioxide 
and water through low-molecular organic acids, such as a propionic acid, an acetic acid, and formic acid, in a 
culmination. Therefore, in a phase which almost all TOC component converted even into a low-molecular organic acid 
at least by oxidation treatment by hydroxyl radical, even if a TOC value and a source of TOC (class of organic 
substance as a TOC component) of raw water (TOC component content water) differ from each other, since there is 
already no part to have converted into a carbon dioxide arid water of a TOC component, a TOC value in treated water 
after processing by hydroxyl radical enters within quite narrow limits. 

[0010] If processing by combination of ozone and a hydrogen peroxide is made into an example, the TOC value range 
of the treated water will become about 0.5 to 2.5 mg/L. When it is the sources of TOC where the alcoholic system 
organic substance is main especially, the TOC value range of treated water by hydroxyl radical of this combination 
becomes about 0.5 to 1 .5 mg/L. When the main sources of TOC of raw water are surfactants with large molecular 
weight, this TOC value range of treated water combine and according to a hydroxyl radical of ** becomes about 0.5 to 
2.5 mg/L. Thus, if deionizer is further performed about obtained treated water, in 0.3 or less mg/L and almost all cases, 
a TOC value in treated water after deionizer will become 0.2 or less mg/L. 

[001 1] Thus, since a TOC value of treated water from a hydroxyl radical generator has fixed a correlation as a TOC 
value of treated water from a latter ion stripper, if a hydroxyl radical yield is controlled to become a predetermined 
value about a TOC value of treated water from a hydroxyl radical generator, a TOC value of treated water from an ion 
stripper which ****ed in a TOC value of treated water from a hydroxyl radical generator will be acquired. 
[0012] 

[Embodiment of the Invention] Although the gestalt of desirable operation of this invention is explained hereafter, then 
is no this invention what is limited to these. 



[0013] the TOC value of the treated water from ozone / hydrogen-peroxide reaction vessel (hydroxy 1 radical generator) 
« the range of 0.5 - 2.5 mg/L - if an ozone yield is controlled to become within the limits of 0.5 - 1.5 mg/L desirably, 
in 0.3 or less mg/L and almost all cases, the TOC value of the treated water after ion-exchange-resin processing 
(deionizer processing) will become 0.2 or less mg/L, for example. In this case, as for the amount of supply of a 
hydrogen peroxide, it is desirable to control so that plugging, and a hydrogen peroxide / ozone weight ratio are set to 
0.2 / 1 - 0.4/1 so that it may be proportional to an ozone yield. 

[0014] The same is almost said of the TOC component removal by the combination of ozone and alkali, namely, the 
TOC value of the treated water from ozone / alkali reaction vessel (hydroxyl radical generator) - the range of 0.5 - 2.5 
mg/L - if an ozone yield is controlled to become within the limits of 0.5 - 1 .5 mg/L desirably, in 0.3 or less mg/L and 
almost all cases, the TOC value of the treated water after ion-exchange-resin processing (deionizer) will become 0.2 or 
less mg/L. In this case, as for the addition of alkali, controlling by the pH value of treated water is desirable instead of 
making it be proportional to an ozone yield. pH of plugging and treated water - an alkali side - desirable — 8-11 — 
what is necessary is just to make it become the value of 8.5-10.5 within the limits still more preferably In addition, 
generally, if a pH value is made high, a reaction rate will become large, but since the rate that the salt load in deionizer 
processing of ion-exchange-resin processing etc. becomes large so much since there are many additions of alkali, and a 
carbon dioxide exists as carbonate ion, or the bicarbonate, especially carbonate ion increases, the operation as a radical 
scavenger also increases. As alkali, a sodium hydroxide, a potassium hydroxide, etc. can be used, for example. 
[0015] The same is almost said of the TOC component removal by the combination of ozone and ultraviolet rays (UV).^ 
namely, the TOC value of the treated water from ozone / UV reaction vessel (hydroxyl radical generator) « the range 
of 0.5 - 2.5 mg/L -- if an ozone yield is controlled to become within the limits of 0.5 - 1.5 mg/L desirably, in 0.3 or less 
mg/L and almost all cases, the TOC value of the treated water after ion-exchange-resin processing (deionizer) will 
become 0.2 or less mg/L. It is the ratio of plugging, and the amount of UV lamp outputs / ozone yield so that it may be 
desirable to interlock the amount of outputs of an ultraviolet-rays (UV) lamp with an ozone yield, and to control it in 
this case and the amount of UV lamp outputs may be proportional to an ozone yield 0.2 - 5 kw/kg-03 What is r ~*"— - 
necessary is just to control to become. Although any of the low-pressure mercury lamp whose dominant wavelength is 
254nm and whose dominant wavelength is 254nm and 185nm, and the high-pressure mercury lamp whose dominant 
wavelength is 365nm are sufficient as an ultraviolet ray lamp to be used, the dominant wavelength uses preferably the 
low-pressure mercury lamp which is 254nm. 

[0016] Although the gestalt of desirable operation mentioned above described the case of each combination of 
ozone/hydrogen peroxide, ozone/alkali, and ozone/ultraviolet rays (UV) as hydroxyl radical developmental mechanics 
The Fenton oxidation (Fe2++H2 02) / ultraviolet rays (UV), ozone/oxidation catalyst, AOP(s), such as catalysts (Ti02 
etc.) / ultraviolet rays (UV), - law (advanced oxidation processes) From the method called law, it chooses, and two or 
more methods can be combined further and can also be used, the method of the combination which could also use 
various kinds of methods called an advanced oxidation process, and was explained in full detail, and AOP - For 
example, it is combinable with multistage, and it can combine like for example, ozone / hydrogen peroxide / ultraviolet 
rays (UV), and can also use for one step. Moreover, as the generating method of ozone, various kinds of methods, such 
as a silent discharge method and a water electrolysis method, can be used. 

[0017] In order that the treated water after processing by the hydroxyl radical may evade the bad influence which the 
oxidizer which remains causes deterioration of materials, such as ion exchange resin used in a latter ion stripper and a 
reverse osmotic membrane, usually removal of the oxidizer which remains is performed in advance of deionizer. 
although methods, such as activated carbon treatment, reducing-agent (for example, sodium sulfite) impregnation, UV 
irradiation, and reduction catalyst (for example, palladium system catalyst) contact, can be mentioned as the removal 
method of a residual oxidizer - activated carbon treatment ~ low cost — and it is simple also in equipment and 
desirable. 

[0018] although the gestalt of desirable operation mentioned above described as an example the case where ion- 
exchange-resin processing performed deionizer - deionizer - various kinds of ion-exchange methods (equipment) and 
a reverse osmotic membrane (RO) - it can carry out using ion removal methods (equipment), such as law (equipment). 
[0019] In addition, in addition to the above-mentioned control by this invention method, monitoring (monitor) of the 
TOC value of the treated water from an ion stripper is carried out, it is also effective to add the actuation which control? 
a hydroxyl radical yield auxiliary so that the TOC value of the treated water after deionizer may become 0.3 or less 
mg/L, and thereby, the TOC value of the treated water after deionizer can be more certainly made into 0.3 or less mg/L 

[0020] 

[Example] Although the following examples explain this invention still more concretely by making TOC component 
removal processing by the combination of ozone/hydrogen peroxide into an example, there is no this invention what is 



limited to these. 

[0021] Although the TOC component stripper used for drawing 1 in the example is shown, this drawing is also system 
flow drawing showing an example of the equipment of this invention. Water is supplied to raw water to a reactor 101 
by the raw water conveying pump 140 from raw water Rhine 141 with a hydroxy 1 radical generator at this reactor 101 . 
It serves as the signal 123 for hydrogen-peroxide pump controls interlocked with the ozone yield, and controls the 
hydrogen-peroxide pump 150 while a TOC value is measured with TOC analyzer 120, the signal 122 for control is 
transmitted from the PID-control machine 121 based on this TOC value and some treated water after hydroxyl radical 
processing was carried out by the reactor 101 controls an ozonator 130. The ozonization gas produced with the 
ozonator 130 is poured into the circulation line 133 connected with the reactor 101 through the ozonization gas line 
131, and is supplied to a reactor 101 by the circulating pump 132. In addition, various means, such as a diffuser 
(diffuser, diffusion plate), ejector mechanism (ejector), and a line mixer (inch-line mixer), can perform dissolution of 
ozone. A hydrogen peroxide is supplied to a reactor 101 through hydrogen-peroxide Rhine 151 with the hydrogen- 
peroxide pump 150. the treated water by which water was supplied by the activated carbon filter 1 1 1 through hydroxyl 
radical treated water Rhine 1 10 to the great portion of treated water after hydroxyl radical processing was carried out, 
the oxidizer (a hydrogen peroxide, ozone) was disassembled here, and activated carbon treatment was carried out - ion 
exchange resin — water is supplied by the column 1 12, the ion exchange removes an organic acid etc. here, and it flows 
into ion-exchange-treatment water Rhine 1 13 as treated water after the ion exchange. In addition, 160 is an exhaust gas 
exhaust pipe. 

[0022] In the equipment shown in example 1 drawing 1 , letting the raw water of various TOC values flow by the flow 
rate of 6 L/hr, the ozone generated by silent discharge was supplied to the circulation line 133 by the side of suction of 
a circulating pump 132, and the hydrogen peroxide was continuously supplied to the reactor 101 of 10L capacity with 
the hydrogen-peroxide pump 150. The source of TOC was isopropyl alcohol (IP A). The TOC value of treated water 
110 after being processed by the hydroxyl radical in the reactor 101 (oxidation treatment of a TOC component) is 
measured on-line with C bus 810 mold TOC analyzer 120 [the C bus company (U.S.) make]. While controlling by the 
PID-control machine 121 so that the measured value of TOC analyzer 120 serves as delivery in the measurement signal 
from TOC analyzer 120 and serves as an ozone yield the PID-control machine 121 with a predetermined value A 
hydrogen peroxide / ozone weight ratio = the hydrogen-peroxide pump 150 was controlled to become 0.31/1, and the 
yield of a hydroxyl radical was automatically controlled by these both. The pH value of the water in a reactor 101 was 
maintained almost uniformly before and behind 7.5. the treated water from a reactor 101 --an activated carbon filter 
111— processing - ion exchange resin after disassembling an oxidizer (03, H2 02) - the column 1 12 removed the 
ion-like organic substance (organic acid). The result of this TOC component removal processing is shown in a table 1. 
[0023] 
[A table 1] 

_ Raw water TOC value Immediately after [ oxidation treatment ] TOC value After [ the ion 

exchange ] TOC value (mg/L) (mg/L) (mg/L) 

2 1.4 0.35 2 0.6 0.08 4 1.8 0.32 4 0.7 0.07 6 1.7 0.28 60.5 0.04 

- [0024] Since the TOC value of the treated water after ion exchange treatment would also turn into it and a value in 
which it ****ed if it is made for the TOC value of the treated water immediately after oxidation treatment (before 
activated carbon treatment) to become fixed even if it changes the TOC value of raw water as shown in a table 1, it 
turned out that it is effective to control a hydroxyl radical yield by the TOC value of the treated water immediately aftei 
oxidation treatment. Moreover, although control of the hydroxyl radical yield by the TOC value of the treated water 
after ion exchange treatment was also tried for the comparison, since ragtime was too long, stable control was not able 
to be performed. 

[0025] In the equipment shown in example 2 drawing 1 , the raw water which contains a surfactant as a source of TOC 
on the same conditions as an example 1 was processed. The principal components of a surfactant are polyoxyethylene 
alkyl ether, sulfo succinic acid alkyl ether, diethylene-glycol mono-benzyl ether, and an olefin, the treated water from a 
reactor 101 — an activated carbon filter 111-- processing - ion exchange resin after disassembling an oxidizer (03 and 
H2 02) - the column 1 12 removed the ion-like organic substance (organic acid). The result of this TOC component 
removal processing is shown in a table 2. 
[0026] 
[A table 2] 

Raw water TOC value Immediately after [ oxidation treatment ] TOC value After [ the ion 

exchange ] TOC value (mg/L) (mg/L) (mg/L) 

4.3 2.5 0.25 4.5 1.8 0.11 6.6 2.6 0.22 6.5 1.9 0.09 [0027] 

Since the TOC value of the treated water after ion exchange treatment would also turn into it and a value in which it 



****ed if it is made for the TOC value of the treated water immediately after oxidation treatment (before activated 
carbon treatment) to become fixed even if it changes the TOC value of raw water as shown in a table 2, it turned out 
that it is effective to control a hydroxyl radical yield by the TOC. value of the treated water immediately after oxidation 
treatment. Moreover, although control of the hydroxyl radical yield by the TOC value of the treated water after ion 
exchange treatment was also tried for the comparison, since ragtime was too long, stable control was not able to be 
performed. 
[0028] 

[Effect of the Invention] Generally, although the decomposition path (a series of reactions) of the TOC component by 
the hydroxyl radical changes with classes of quality of a decomposition object, almost all the organic substance 
changes to a carbon dioxide and water through low-molecular organic acids, such as a propionic acid, an acetic acid, 
and formic acid, in a culmination. Therefore, even if the TOC value and the source of TOC (class of organic substance 
as a TOC component) of raw water (TOC component content water) differ from each other In the phase which the TOC 
component converted even into the low-molecular organic acid at least by oxidation treatment by the hydroxyl radical 
Of a TOC component, since there is no part to have converted into a carbon dioxide and water, according to the methoc 
of this invention, it can already enter the TOC value in the treated water after oxidation treatment by the hydroxyl 
radical within quite narrow limits (0.5 - 2.5 mg/L). 

[0029] Moreover, since the TOC value of the treated water from a hydroxyl radical generator has fixed a correlation as 
the TOC value of the treated water from a latter ion stripper, If a hydroxyl radical yield is controlled according to the 
method of this invention to become a predetermined value (0.5 - 2.5 mg/L) about the TOC value of the treated water 
from a hydroxyl radical generator The TOC value of the treated water from an ion stripper which ****ed in the TOC 
value of the treated water from a hydroxyl radical generator is acquired, and the TOC value of the treated water after 
deionizer can be made into 0.3 or less mg/L. Therefore, according to the method of this invention, control of stability 
and exact TOC component removal can be performed. 

[0030] In addition, in addition to the above-mentioned control, monitoring (monitor) of the TOC value of the treated 
water from an ion stripper is carried out, it is also effective to add the actuation which controls a hydroxyl radical yield 
auxiliary so that the TOC value of the treated water after deionizer may become 0.3 or less mg/L, and thereby, the TOC 
value of the treated water after deionizer can be more certainly made into 0.3 or less mg/L. 

[003 1] Thus, if the TOC value of the treated water after deionizer is made into 0.3 or less mg/L, this treated water can 
be sent to the manufacturing process of ultrapure water, and a TOC value can be made into 0.02 more or less mg/L by 
UV oxidation in latter ultrapure water equipments, RO processing, etc. 



[Translation done ] 



